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Description 

FIELD OF THE INVENTION 

5 [0001] This invention relates to liquid toners that are useful for electrographic and electrophotographic processes. 
BACKGROUND OF THE INVENTION 

[0002] Electrophotographic systems (that is, systems in which a toner is deposited on a charged surface and sub- 
10 sequently transferred to a receiving sheet) employing liquid toners are well known in the imaging art, see for example 
Schmidt, S. P.; Larson. J. R.; Bhattacharya, R. In Handbook of Imaging Materials, Diamond, A. S.. Ed.: Marcel Dekker, 
New York, 1991, pp 227-252 or Lehmbeck, D. R. in Neblette's Handbookoli Photography and Reprography, Sturge, 
J., Ed.: Van Nostrand Reinhold, New York, 1977, Chapter 13, pp 331-387. 

[0003] In most instances, the preferred solvent has been a high boiling hydrocarbon (for example, Isopar^w solvents, 
IS boiling range: 1 30-1 60*0) that has both a low dielectric constant and a high vapor pressure necessary for rapid evap- 
oration of solvent following deposition of the toner onto a photoconductor drum, transfer belt, and/or receptor sheet. 
Rapid evaporation is particularly important for cases in which multiple colors are sequentially deposited and/or trans- 
ferred to form a single image. 

[0004] There are significant drawbacks to the use of hydrocarbon solvents with respect to adequate evaporation 

20 rates for high speed imaging applications, regareling low flash points (hydrocarbon solvents with boiling points less 
than 120**C typically have flash points below 40*C), environmental pollution, and toxicity. Similarly, chlorine containing 
solvents are undesirable from the standpoint of atmospheric pollution. It would be advantageous to employ a class of 
solvents with a higher evaporation rate than that of ordinary hydrocarbon solvents, lessened pollution concerns, non- 
flammabllity, and lower toxicity. 

25 [0005] One class of solvents that can solve some of these problems consists of the perfluorinated (or highly fluori- 
nated) solvents such as the Fluorinert™ solvents (3M Company), hexafluorobenzene and so on. While these solvents 
have many desirable physical properties that make them suitable as candidates in electrophotographic applications 
employing liquid toner dispersions, they are well known for their inability to dissolve or disperse most materials. Thus, 
in order to develop an electrophotographic process employing fluorinated solvents It is necessary to develop stable 

30 dispersions of pigment, polymer, and charging agents. This would have to be accomplished by preparation of organosol 
polymers that are capable of dispersing pigment in those solvents or to prepare latex emulsions of polymers that can 
disperse pigments, or by adsorbing highly fluorinated polymers onto pigments in fluorocarbon solvents. 
[0006] Chtorofluorocarbons (e.g. , Freon™-1 1 3) have been employed in solvents for electrophotographic liquid toner 
dispersions as described in Soviet Pat. No. 1 .305.623. 

35 [0007] Electrophotographic toners having perfluoroethylene as solvent have been described, but not actually used, 
in Japanese Kokai Nos. 59-114,549 and 59-114,550. Japanese Kokai n** 56 078843 discloses the use of perfluoroeth- 
ylene as a solvent In a liquid electrographic developer and Japanese Kokai n* 61-1060794 discloses the use of per- 
fluoroethylene as a polymerisation solvent for the preparation of a copolymer to be used as a binder for developing 
electrostatic photographs. However, perfluoroethylene is a gas at room temperature and wholly unsuitable as a solvent 

40 for electrophotography. 

[0008] U.S. Pat. n° 5,026,621 discloses a toner for electrophotography comprising a color component and a fluoro- 
alkyl aery late block copolymer. 

[0009] Liquid toners based on highly fluorinated solvents according to the present invention produce very quickly 
drying image (< 3 seconds) on the dielectric medium, so that successive imaging 3 and 4 colors can be performed at 
45 a rate of up to 3 pages of 4-color copy per minute on plain paper The currently used devekjpmental toners produced 
Images that do not dry at a rate fast enough to produce the hard copy output at the required rate. 
[0010] A general discussion of color electrophotography is presented in "Electrophotography", by R.M. Schaffert, 
Focal Press. London & New York. 1975, pp 178-190. 

so SUMMARY OF THE INVENTION 

[0011] This Invention relates to a liquid toner composition comprising an organic, fluorinated carrier liquid, a polymeric 
resin and a pigment in Intimate association with said polymeric resin, thereby forming polymer resln-bound pigment 
particles characterized in that said polymeric resin comprises a polymer or copolymer of one or more highly fluorinated 
55 free-radically polymerizable monomers and said carrier liquid is a highly fluorinated solvent having more than 60 weight 
percent of fluorine and a boiling point greater than about 90°C and less than about 140^0. 
[001 2] It also relates to a method of forming an image comprising the steps of : 
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a) providing a dielectric medium liaving at least one region of electrostatic charge (e.g., an imagewlse distribution 
of charge), 

b) Intimately contacting the dielectric medium with a liquid toner composition as defined above, 

c) depositing said toner in a pattern corresponding to the surface charge on the dielectric medium, and optionally 
5 transferring the deposited polymer resin bound pigment particles to a receptor. 

[0013] In one aspect, this invention relates to a liquid toner composition comprising polymer resin bound pigment 
particles formed of pigment particles In Intimate association with a polymeric resin, wherein the polymeric resin Is a 
copolymer of 65 to 89.5 weight percent of a non-fluorinated free-radically polymerizable monomer, 10 to 20 weight 
10 percent highly fluorinated macromer terminated at exactly (only) one end with a free-radically polymerizable group, 
and from 0.5 to 1 5 weight percent of a free-radically polymerizable monomer having a group for binding (complexing) 
a polyvalent metal bn. 

[0014] In yet another aspect, this Invention relates to a liquid toner composition comprising polymer resin bound 
pigment particles fomned of pigment particles in Intimate association with a polymeric resin, wherein the polymeric 
resin Is a copolymer of 75 to 98 weight percent of a highly fluorinated free-radically polymerizable monomer, and of 2 
to 25 weight percent of free-radically polymerizable non -fluorinated monomers, wherein at least 0.5 weight percent of 
the free- radically polymerizable non-fluorlnated monomers have a group for binding a polyvalent metal Ion. 
[0015] The process and materials of the present invention provide improved means for rapid generation of high 
quality electrophotographic and electrographic images. 
20 [0016] The prefix "perfluoro" and the term "perfluorinated" as used herein, except where othenArise noted, means 
that all hydrogen atoms within the molecule or group defined as perfluorinated have been replaced with fluorine atoms. 

DETAILED DESCRIPTION OF THE INVENTION 

25 [001 7] Electrophotographic and electrographic processes involve forming an electrostatic Image on the surface of a 
dielectric medium. The dielectric medium may be an Intermediate transfer drum or belt or the substrate for the final 
toned image Itself as described by Schmidt, S. P. and Larson, J. R. in Handbook of Imaging Materials Diamond, A. S., 
Ed: Marcel Dekker: New York; Chapter 6, pp 227-252. and U. S. Pat. Nos. 4,728.983, 4.321,404, and 4,268,598. 
[0018] In electrophotography, the electrostatic image is typically formed on a drum coated with a dielectric medium, 

30 by uniformly charging the dielectric medium with an applied voltage, discharging the electrostatic image in selected 
areas by exposing those regions to be discharged to light, applying a toner to the electrostatic medium having the 
charge image, and transferring the toned image through one or more steps to a receptor sheet where the toned image 
is fixed. 

[0019] In electrography, the charge image is placed onto the dielectric medium (typically the receiving substrate) by 
35 selective charge of the medium with an electrostatic writing stylus or its equivalent. Toner is applied to the electrostatic 
image and fixed. 

[0020] While the electrostatic charge of either the toner particles or dielectric medium may be either positive or 
negative, electrophotography as employed in the present invention normally is carried out by dissipating charge on a 
positively charged dielectric medium. Toner is then transferred to the regions in which positive charge was dissipated. 
40 [0021] Due to the similarity of the two processes, toners useful In electrophotography are generally useful In elec- 
trography as well. Both dry and liquid toners may be used to supply the pigment necessary to form the colored image. 
Liquid toners typically provide better resolution in electrophotographic and electrographic imaging applications than 
dry toners, but have problems related to difficulties in handling solvents. 

[0022] Liquid toners are dispersions of polymer resin bound pigment particles in a dispersing solvent. They are 
^ stabilized from flocculation by electrostatic charges that may be either positive or negative (i.e.. electrostatic stabilizers), 
and are optionally also stabilized by long chain solvated polymer segments (i.e., steric). These long chain solvated 
segments prevent insoluble portions of the polymer resin bound pigment particles from agglomerating by providing a 
soluble shell surrounding the insoluble portions. According to the present invention there are three types of liquid toners 
that may be empbyed in the practice of the method of the present invention whereby a perfluorinated dispersing solvent 
50 is used. 

[0023] In a first preferred embodiment, the polymer resin bound pigment particles comprise pigment particles in 
intimate association with a polymeric resin, wherein the polymeric resin is a copolymer of 65 to 89.5 weight percent of 
a non-fluorinated free- radically polymerizable monomer, 10 to 20 weight percent of a highly fluorinated macromer 
terminated at only one end with a free-radically polymerizable group, and 0.5 to 15 weight percent, preferably 0.5 to 
55 1 2 weight percent, and most preferably 0.5 to 1 0 weight percent of a free-radically polymerizable non-fluorinated mon- 
omer having a group for binding a polyvalent metal ion. The polymer resin bound pigment particles of this embodiment 
form latices In perfluorinated solvents, 

[0024] Suitable highly fluorinated macromers include any highly fluorinated macromer having a molecular weight in 
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*^ .o«oo r>f «hnut 10 000 arams/mole to 250.000 grams/mole and a fluorine content of from about 40 to 95 percent 

as 2 2 3 3 4.4.5,5.6.6.7.7.8.8.8-pentadecafluorooctyl acrylate. 2-2.3'3'4.4.5.5,6,6.7,7,8 8,8-pentadecaflu^ 

.hl'^;w 923344556 6 7 78 8.9.9.10.10.10-nonadecafluorodecyl acrylate. 2,2,3,3,4.4,5.5,6,6.7,7,8.8,9,9. 
methacrylate. . o 2 3 3 4 4 5 5 6 6-undecafluorocyclohexylmethyl acrylate, 1.2.2.3, 

roS'^'tlfe^^eT^^^^^^ ^^Corizable monomers having a group lor binding a polyvalent metal Ion are wej 

groups k^^^^ridXJlmethy^ acrylate. and so on. They may be pu^hased comme^ialhr or prepared by standard 
in a second preferred embodiment, the polymer resin bound pigment particle comprises a pigment in intoiiate 

fS,6rdiroTS^^^^^ 

3 3 4 5 5.6,6<iecafluoro-4-trifluoromethylcyclohexylmethyl acrylate perfluoroh^^^^^ 

s^r^^iTnd^srrr^^^^^^^^^^^^ 

vSh (e a adsorbed to) a polymeric resin, wherein the polymeric resin is a homopolymer or copolymer '^J^^J''^ 

s-'^TeSi -s* -o, h u,. — piQ-f. r "^.rz^ssrBS 

^Cs S. Ultramarine Blue. Ultramarine Violet. Ferric Ferrocyanide. and other pigments available from BASF. 



4 



EP 0 594 472 B1 

Malachite Green Oxalate; lamp black; Rose Bengal; Monastral Red; magnetic pigments such as magnetite, ferrites 
such as barium ferrite and manganese ferrite, hematite, etc. 

[0032] The liquid toner dispersions of the present invention are prepared by high shear mixing of the polymer resin, 
pigment materials, and a polyvalent metal ion salt In an appropriate solvent (i.e., carrier liquid, e.g., fluorinated organic 
s carrier liquid such as highly fluorinated [>60% by weight fluorine] hydrocarbon [including those with ether linkages] 
carrier liquids). 

[0033] Solvents or carrier liquids that may be used for liquid toner dispersions of the present invention should have 
a boiling point greater than about 90'C and less than about 140**C, and include perfluorinated alkanes, alkanes. ethers, 
arenes, alkarenes, aralkanes, alkenes, and alkynes. The solvents may contain rings. Non-limiting examples of per- 

^0 fluoroalkanes include perfluoroheptane, mixtures of perfluorinated 2-butyltetrahydrofuran and mixtures of it with per- 
fluorooctane, perfluorohexane, perfluorotrlbutylamine, perfluorotriamylamine, Fluorlnert^ solvents available from 3M 
Company such as Fluorinert™ solvents FC-84, FC-77, FC-104, FC-75. FC-40, FC-43, FC-70, FC-71, etc. Recognizing 
that many perfluorinated materials have residual amounts of hydrogen atoms that were not replaced by fluorine, It Is 
anticipated that hydrogen atoms in the solvent are no deleterious provided that the total fluorine content is greater than 

15 about 60 weight percent. On the other hand chlorine and bromine are highly undesirable in the solvent for pollution, 
corroslpn and other reasons. 

[0034] Polyvalent positively charged metal ion salts that are suitable for electrophotography and electrography are 
well known In the art and include, but are not limited to, soluble salts composed of metal ions and organic anions. 
Preferred positively charged metal ions are Ba(ll). Ca(n), Mn(ll), Zn(ll), Zr(IV), Cu(ll), AI(III), Cr(IH). Fe(ll and III), Sb 

20 (ill), Bi(lll), Co(ll). La(III), Pb(ll). Mg(ll), Mo(lll). Ni(ll), Ag(l). Sr(ll). Sn(IV). V(V). Y(lll) and Ti(IV). The Preferred organic 
anions are carboxylates or sulfonates from aliphatic or aromatic carboxylic or sulfonic acids, preferably aliphatic fatty 
acids such as stearic acid, behenic acid, neodecanoic acid, dilsopropylsalk;yllc acid, undecanoic acid, abietic acid, 
naphthenic acki, octanolcacid, lauric acid, tallic acid, etc. Barium Petronate™ (Witco Chemical Corporation, Sonnebom 
Division, NY) is also a useful source of barium Ion for practice of the present invention. 

25 [0035] Images formed by the present invention may be single color or multicolor by repetition of the charging and 
toner application steps. Full color reproductions may be made according to the present Invention by electrophotographic 
methods as described by U.S. Pat. No. 2.297,691, 2,752,833, 4,403,848, 4,467,334. 2,986.466; 3,690,766; and 
4,370,047. 

[0036] The substrate preferably should be conformable to the microscopic undulations of the surface roughness of 
30 the imaging surface. Materials such as polyvinyl chloride (PVC) conform to the imaging surface well whereas materials 
such as polycarbonate do not and consequently give bad transfer of the toner image. Other materials that may be used 
as substrates are acrylics, polyurethanes, polyethylene/acrylic acid copolymer and polyvinyl butyrals. Commercially 
available composite materials such as Scotchcal™ and Panaflex*^ are also suitable substrates. However, some sub- 
strates such as polyesters and polycarbonates which appear to be too stiff to give microconformability can be useful 
35 as receptors in the present invention by coating them with a sufficiently thick layer of materials with a suitable Tg and 
a complex dynamic viscosity in the range defined above. On substrates such as PVC the coated layer thickness can 
be as low as 3 micrometers whereas on Scotchlite™ retroreflectlve material, a coated layer thickness of 30 micrometers 
may be required. 

[0037] Substrates may be chosen from a wide variety of materials including papers, plastics, etc. If a separate elec- 
40 troconductive layer is required, this may be of thin metal such as aluminum, or of tin oxide or other materials well known 
in the art to be stable at room temperatures and at the elevated temperatures of the transfer process. 
[0038] Toners are usually prepared in a concentrated form to conserve storage space and transportation costs. In 
order to use the toners in the printer, this concentrate is diluted with further carrier liquid to give what is termed the 
working strength liquid toner. 

45 [0039] In multicolor imaging, the toners may be laid down on the image sheet surface In any order, but for colorimetric 
reasons, bearing in mind the Inversion that occurs on transfer, it Is preferred to lay the Images down In the order black, 
cyan, magenta, and yellow when multiple colors are to be overlaid. 

[0040] Overcoating of the transferred Image may optionally be carried out to protect against physical damage and/ 
or actinic damage of the image. These coatings are compositions well known In the art and typically comprise a clear 
50 film-forming polymer dissolved or suspended In a volatile solvent. An ultraviolet light absorbing agent may optionally 
be added to the coating solution. Lamination of protective coats to the image surface is also well known in the art and 
may be used in this invention. 

[0041] In order to function effectively, liquid toners should have conductance values in the range of 2 to 100 picomho- 
cm V Liquid toners prepared according to the present invention have conductance values of 3-85 plcomho-cm-^ for a 
55 2 weight percent solids dispersion. These and other aspects of the present inventbn are demonstrated in the illustrative 
examples that follow. 
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EXAMPLES 

[0042] Materials used in the following examples were available from standard commercial sources such as Aldrich 
Chemical Co. (Milwaukee, Wl) unless otherwise specified. 
5 [0043] The term "perfluorooctyl acrylate" as used herein refers to H2C=CHC02CH2(CF2)6CF3. 

[0044] All the liquid toners described in the examples produced films of sufficient integrity to allow image formation 
and subsequent transfer steps. 

[0045] Particle sizes were measured by a Coulter Model N4 MD submicron particle size analyzer 
to Example 1 

[0046] This example describes the synthesis of methacryloxy-terminated poly(perfluorooctyl)acrylate polymers (re- 
ferred to as FC-stab-1) useful for stabilizing the polymer colloids in Fluorlnert™ FC-84/FC-75. Perfluorooctyl acrylate 
monomer (90.82 g) was mixed with 47 g FC-85/FC-75 solvent in a 250 ml flask fitted with a nitrogen inlet, reflux 

ts condenser, and a thermometer. The heating was done by a heating mantle, connected to a thermostat circuit. 3-mer- 
capto-1,2-propanediol (0.0864g, 8x10-^ moles), followed by 0.0656 g azobis isobutyronitrile were added and the 
mixture was heated to 70 **C for 24 hrs. Fluorinert™ FC-85/FC-75 (43.9g) was added to obtain a theoretical solid 
content of ~50%. After cooling, under dry conditions, 0.248 g isocyanatoethyl methacrylate, followed by 0.1 g dibutyltin 
dilaurate catalyst were added and the mixture was kept stirred in the dark for 36 hours to produce FC-stab-1. The 

20 molecular weight of the macromer was found to be Mm = 124,000 by the NMR analysis. GPC analysis in Freon 113 
using tn-house calibration standards gave a Mw/Mm = 4. Macromers of Mw>1 0.000 did not yield stable dispersions. 

Example 2 

25 [0047] This example describes the synthesis of methacryloxy-terminated poly(undecafluorocyclohexylmethyl acr- 
ylate). Undecafluorocyclohexylmethyl acrylate (90 g) was dissolved in 47g Fluorlnert™ FC-S5/FC-75 and polymerized 
in the presence of 0.0864 g 3-mercapto-1 ,2-propanediol at 70°C In a nitrogen blanket using f-butyl peroctoate (Trigo- 
nox™ 21 c-50). After 24 hrs of polymerization, the solution was diluted to a theoretical solid content of ~50% , by mixing 
with an additional 43.9 g Fluorlnert™ FC-85/FC-75, cooled and treated with 0.248 g isocyanatoethyl methacrylate 

30 followed by 0.05 g dibutyltin dilaurate catalyst under dry conditions. After 36 hr of agitation of the mixture in the dark, 
the macromer was ready for use and is referred to below as FC-stab-2. 

Example 3 

35 [0048] This example describes a general procedure for preparation of hydrocarbon-fluorocarbon polymer resin dis- 
persions in a perfluorinated solvent according to the first preferred embodiment. Sample FC-1 in Table 1 was prepared 
as follows: 

[0049] A monomer mixture comprised of 10 g ethyl acrylate, 8 g ethyl methacrylate. 5 g butyl methacrylate and ( 2 
g) acetoacetoxy ethyl methacrylate was suspended in a polymer solution consisting of 10g of a 50% solution of meth- 

40 acryloxy-terminated poly (perfluorooctyl acrylate) from Example 1 and 400 ml of Fluorinert^ FC-84. Zirconium Hex- 
Cem™ (12% Zr4+ content; Mooney Chemical, Cleveland, Ohio, 1.5 ml, followed by 1 gram of 3M Fluorad^*^ FC-430 
(a surfactant) were added and the mixture was stirred by magnetic stirring. The reaction mixture was contained in a 
3-necked 1 L flask fitted with a water-cooled reflux condenser, a nitrogen inlet tube, and a thermometer. After the emul- 
siflcatlon of the monomers and the temperature remained constant at 70* C, 1 gram f-butyl peroctoate (Trigonox™ 

45 21 C-50 ) was added and the polynnerization was allowed to proceed for 24 hrs. A white, stable latex was obtained with 
<2 grams of coagulum that was skimmed away The solids content of the latex was 4.28 weight percent. For the latex 
a mean particle size of 440 nm was obtained with a narrow particle size distributk^n. This procedure may be used to 
generally prepare the polymer resins and dispersions, varying the regents within the classes previously described. 

so Example 4 

[0050] An identical procedure as in the Example 3 was used to prepare additional sample, for example, sample FC- 
5 was prepared using the following monomer mixture: 8 g ethyl acrylate, 8 g ethyl methacrylate, 7 g butyl methacrylate 
and 2 g acetoacetoxyethyl methacrylate. The quantities of Zirconium Hex-cem^*", Fluorad™ FC-430 and Trigonox™ 
55 21 C-50 were the same as those in the Example 3. The solids content was 3.72 weight percent. For the latex mean a 
partrcle of 390 nm was obtained with a narrow particle size distribution. 

[0051] Similarly, samples FC-4, FC-1 5, FC-1 7 through FC-20, and FC-25 were prepared by the same method with 
adjustments in hydrocarbon monomer composition as shown in Table 1 . 
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Example 5 

[0052] This example describes a genera! procedure for the dispersion of polymer resin bound pigment particle dis- 
persions Fluorinert™ FC-84/FC-75 (i.e., liquid toners). The fluorinated latices of Examples 3 and 4 and those of Table 

5 1 were mixed with pigment and dispersed as follows: 

[0053] The latex (600g) from each experiment was taken and a calculated quantity of the cyan pigment (Sunfast 
Blue 249-1282, Sun Chemical Co.) was added such that the weight ratio of the resin to pigment was 4:1. The latex/ 
pigment mixture was placed in an Igarashi Mill and the pigment was dispersed at 2000 rpm stirring, with an adequate 
quantity (about 400-450 g) of 1 .3 mm Potter Glass beads as shearing media. The dispersion of pigment was carried 

10 out for 15 minutes, with the Igarashi cylinder cooled In an Ice bath to prevent the evaporation of the solvent. After 
draining and collecting the toner, the glass beads were washed with about lOOg of the solvent and the washings were 
mixed with the toner. The solids content of the toner fluid was determined. Table 1 summarizes the experimental con- 
ditions employed to prepare toners numbered FC-1 etc.. 



15 Table 1 . 





Synthesis of Dispersants and Toners in Fluorinert™ FC-84 or FC-75 




Resin 


Stabilizer 


Core Monomers; 
Zr+*; Surfactant; 


Resin to Pigment 
Ratio 


Comment 


20 


FC-1 


FC-Stab-1 5 g solids 


EA:EMA:BMA: 
AAMA (10:8:5:2); 
1.5 g; FC-430;1g 


4 


Stable Dispersion 


25 


FC-5 


FC-Stab-1 5 g solids 


EA:EMA:BMA: 
AAMA (8:8:7:2); 
1.5 g; FC-430;1g 


4 


Stable Dispersion 


30 


FC-4 


FC-Stab-2 5 g solids 


EA:EMA:TFA: 
AAMA (10:8:5:2); 
1.5 g; FC-430;1g 


none 


Unstable Dispersion 


35 


FC-1 5 


FC-Stab-1 5 g solids 


EA:EMA:BMA: 
AAMA (8:8:7:2); 
1.5 g; FC-430;1gt 


4 


Stable Dispersion 


40 


FC-1 7 


FC-Stab-1 5 g solids 


EA:VAc:AAMA(15: 
8:2); 1.5 g; FC-430; 


4 


Stable Dispersion 




FC-1 8 


FC-Stab-1 5 g solids 


EA:EMA:BMA: 
AAMA (10:6:7:2); 
1.5 g; FC430; 1 g+ 


4 


Stable Dispersion 


45 


FC-1 9 


FC-Stab-1 5 g solids 


EA:3,4MEST 
AAMA (15:8:2); 
1.5. g; FC-430; Igt 


4 


Stable Dispersion 


SO 


FC-20 


FC-Stab-1 5 g solids 


EA:IBA:AAMA (15: 
8:2); 1 .5 g; FC430; 
19^ 


4 


Stable Dispersion 



I'Fluorinert^ FC-75 (400 ml) was used for polymerization at 70* C with 1 g of ^butyl peroctoats as the initiator. 
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Svnthesis of Dispersants and Toners in Fluorinert™ FC-84orFC-75 




Resin 


Stabilizer 


Core IS^onomers; 
Zr^; Surfactant; 


Resin to Pignr>ent 
Ratio 


Comment 


FC-25 


FC-Stab-1 5 g solids 


EA:EMA:BMA: 
IMPS: AAMA (8:5: 
7:3:2); 1.5 gt 


4 


Stable Dispersion 


EA= ethyl acrylat 
MA= acetoacetoxyetf 
from Aldrich Chemic 
polymerization at 70" 


'e EMA= ethyl mothacnrlate; BMA=butyl methacrylate; TFA=2,2,2-trmuoroe ny, a'^'V--; 
w methacrylate; VAc=vinyl acetate; 3.4MEST= a mbrture of 3- and A-methylstyrene available 
al CO (1 992-1 9b3 Cat. No. 30.89M). Fluorinert™ FC-84 or FC-75 (400 ml) was used for 
C with 1 g of f-butyl peroctoate as the initiator. . 



[0054] The toners of the present irwention were electroplated on the cathode of a photoconductor strip with the 
coating drying in less than 5 seconds. 

Example 6 

rooSBl This example demonstrates hydrocarbon predominantly fluorocarbon polymer resin dispersions in a perfluor- 
Ssolvent accoK to t^ second preferred embodiment. For example FC-16 was prepared as fol o««: 
^ Ar^brture of 15 g undecafluorocyclohexylmethyl acrylate, 8 g 2,2,2-trifluoroethyl acnrlate and 10 g of aS^o 
Sn o1 mS^^Soxy-terminated polyjundecafluorocyclohexylmethyl ac^late) ^^^C,,%^^zX^' 
wKh 400 mL Fluorinert™ FC-75. Acetoacetoxyethyl methacrylate (2g) and Z.rconium Hex<em (1 ^f'^^^'Tj°" 
^ntXinev Chemical Cleveland. Ohio) were introduced into the mixture and the mixture was maintained at 7CPC ,n 

■:^Z:.t^Te:L^tZZ^^ peroctoate (Ig). was added and the reaction ^^^HuS 
maanetic stir bar throught the reaction time of >24 hrs. A translucent emulsion, visually resembhng a 
3Sl^Th?sS!i^contentofthelatexwas3.26weigh.percent.Ameanparticlediameterof36^ 



Example 7 

roosTi This exoeriment was run identically to Example 6 with the following change in the monomer mi^ure to prepare 
t^3^the nTwTnorer r^^ir^^^ 15 g undecafluorocyclohexylmethyl -Orl^'^^ « 9 2.2.24rfluoroemy. acr^ 

ylate and 2 g aTetLetoxyethyl methacrylate. Again, a translucent emulsion was obtained. The solids content of the 
latex was 4.06 weight percent. 

Example 8 

roosai This experiment was run identically to Example 6 with the following change in the monomer mixture to prepare 
FC 1? 11 S peXrS^crylate. 11 g urldecafluorocyclohexylmethyl acrylate. and 3 g ^"^^^^^^'^^^^^l^f^^^/^ 
ylirTle st^bier used was FC-Stat;i from Example 1. A stable emulsion was obtained. The solids content of the 

SsrsampTefpcTFcil. FC-22. andFC-^ 
Table 2. 



Example 9 

raosoi This example describes a general procedure for the dispersion of pigments in Fluorinert™ FC^. 
ffi ^Je SrK) irom Examples 6^ was taken and calculated quantity of the cyan pigment (Sunjast B,^^^^ 
LTl282i was added such that the weight ratio of the resin to pigment equaled to 4- Jhe dispersK^n of th« P 3^^^ 
ItlfiLiZ^ in an laarashi Mill at a stirring speed of 2000rpm with adequate quantity (about 400-450 g) of 1.3mm 
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the washings were mixed with the toner. The solid content of the toner was determined. 

Table 2. 



Synthesis of Dispersants and Toners in Fluorinert FC-84^ or FC-75 


Resin 


Stabilizer 


Core Monomers; 
Zr+4; Surfactant 


Resin 


Comment 


FC-2 


FC-Stab-2 5 g 
solids 


PcHA: FOA: AAMA 
(1 5:8:2); 1.5g; none; 


4 


Stable Dispersion 


FC-3 


1 w widu ^ ij y 

solids 


PrHATFAAAMA 

(1 5:8:2); 1.5g; none; 

ig 


4 


OldUlt? OlUl i 


FC-11 


FC-Stab-1 5 g 
solids 


FOA: PcHA: AAMA 
(11:11:3); 1.5g; Ig 


4 


Stable Dispersion 


FC-16 


FC-Stab-1 5 g 
solids 


PcHA:TFA:AAMA 
(15:8:2); I.Sgt 


4 


Stable Dispersion 


FC-21 


FC-Stab-1 5 g 
solids 


FOA: PcHA: AAMA 
(17:5:3); 1.5gt 


4 


Stable Dispersion 


FC-22 


FC-Stab-1 5 g 
solids 


PcHA:FOA:TFA: 
TMPS: AAMA (10:5; 
5:3:2); 1.5g+ 


4 


Stable Dispersion 


* PcHA = Undecafluorocyciohexy (methyl aery late; FOA: Perfluorooctyl acrylate; TFA= 2,2,2-trifluoroethyl acr- 
ylate; AAMA :=acetoacetoxyethyl methacrylate; EMA= ethyl methacrytate; TMPS=tris(trimethylsiloxy)-3-methacry- 
laoxypropylsitane; BMA= butyl methacrylate. Fluorinert™ FC-84 (400ml) was used for polymerization at yO'C with 
f-butyl peroctoate (1 g) as the initiator. 



IS 



20 



30 



SO 



ss 



t Ruorinert^M pc-75 {400nnl) was used for polymerization at 70*0 with fbutyl peroctoate (Ig) as the initiator. 

Example 10 

[0062] This example demonstrates the synthesis of polymer resin bound pigment particles of the third preferred 
embodiment by solution polymerization of perfluorinated monomer mixtures to obtain polymer solutions, which can be 
directly used as dispersion media for pigments. Sample FC-13 was prepared by mixing 15 g perfluorooctyl acrylate 
and 1 5 g perfluorooctyl methacrylate with 1 00 mL Fluorinert™ FC-75 and polymerized at 70° C in a nitrogen atmosphere 
under reflux. f-Butyl peroctoate (Trigonox 21c-50, 1 g) was used as an initiator After 24 hrs, the viscous polymer 
solution was diluted to 4% solids with FC-75 and used directly for dispersing cyan pigment. 

Example 11 

[0063] Sample FC-14 was prepared according to the procedure of Example 10, but with the following monomer 
mixture: 10 g perfluorooctyl acrylate, 10 g perfluorooctyl methacrylate, and 10 g undecafluorocyciohexy I methyl acr- 
ylate. Samples FC-23 and FC-24 were similarly prepared using the monomers listed in Table 3. 

Example 12 

[0064] This example describes a general procedure for the dispersion of pigments rn perfluorinated solvents. Cyan 
pigment (6g) was suspended in the polymer solution (600g) and dispersed for 15 min. in an Igarashl Mill at 2000 rpm 
using Potter 1.3mm beads as shearing media. During dispersion, Zirconium Hex-cem™ (1.5 g, 12% Zr*+ content, 
Mooney Chemical) was added in drops over an interval of 5 minutes. After draining, the glass beads were washed with 
a suitable quantity of the solvent and the washings were mixed with the rest of the toner. The solid content of the toner 
was determined. 
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Table 3. 



Synthesis of soluble polymeric dispersants in Fluorine rt FC-75 




Resin 


Monomer Mixture* 


Resin 


FC-13 


FOA:FOMA= 16:15 


4 


FC-14 


FOA:FOMA:PcHA= 10:10:10 


4 


FC-23 


FOA:FOMA= 20:5 


4 


FC-24 


FOA:PcHA;=20:5 


4 



methaerylate; PeHA = undecaBuorocydohexyl methyl aentote 



Example 1 3 

rooesi As a test example of a toner with hydrocarbon core and fluorocarbon shell, the toner FC-5. described in 
Example 4, was imaged on a positive corona charged photoconductor (600-800V) coated with a silicone reilease ^yec 
after exposure to a laser beam from an image scanner to generate an image pattern. The .mage ««s developed at he 
surface rate of about 10 cm/sec. and was completely dry In 3 seconds at the room temperature. The image was f rst 
tr^s errS at r^m temperature under pressure to a fluorosllicone elastomer (Dow Corning ^^^l^^'^^^^J^^^^^ 
elastomer surface to a plain paper surface at a speed of about 7.6/sec under heat and pressure. The emperature of 
the roller base under the paper was 168»C. although the paper temperature was generally considerably less. 

Example 14 

[0066] In another example of the Invention wherein a predominantly fluorocartjori Wnder is used in the toner the 
oner FC-16 described in Example 6 was tested under a similar procedure as was FC-5. and ^^^^"'^^f >^^^f 
transfer fomi the photoconductor to the fluorosllicone intermediate surface, and for the transfer from the latter surface 

to the paper. 

Example 15 

[0067] in another example of the toner, here using soluble polymers, comprising the toner from fluorocarbon soluble 
polymers without any hydrocarbon component, namely, toners with resins comprising 100% perfluonna ed (meth acr- 
Ss (the toner FC-23) were tested under similar conditions as described for FC-5. showed excel ent trans er from 
Se photoconductor to the fluorosilicone intermediate surface at the room temperature. The transfer from the fluoros.l- 
Icone surface to the paper occurred at >119*C. 



Claims 

1. A liquid toner composition comprising an organic, fluorinated carrier liquid, a polymeric resin and a m^"^^^ 
intimate association with said polymeric resin, thereby forming polymer resin-bound P^Q'^^''^ P^'^'^J^^lf^^^^.l' 
ized in that said polymeric resin comprises a polymer or copolymer of one or more highly fluonnated 'ree-radicalty 
polymerizable monomers and said carrier liquid is a highly fluorinated solvent having more than 60 weight percent 
of fluorine and a boiling point greater than about 90°C and less than about 140''C. 

2. The liquid toner composition of claim 1 characterized in that said polymeric resin comprises a copolymer of : 

a) 65 to 89 5 % by weight of a non-fluorinated free-radically polymerizable monomer ; 

b) 10 to 20 % by weight of a highly fluorinated macromer having only one terminating freen-adically polymer- 

cyol toil's %S weight of a free-radically polymerizable monomer having a group for binding a polyvalent 
metal ion. 

3. The composition of claim 2 characterized in that monomer a) comprises an aciyloyi or methacryloyi monomer. 

4. Thecompositionofclaim2or3characterizedinthatmacromerb)hasanumberaveragemolecularweightbetween 
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10,000 and 250.000 grams/mole and a fluorine content ot from 40 to 95 % by weight. 

5. The composition ot claim 2 or 3 characterized in that said macromer b) comprises a polymer formed from monomers 
selected from the group consisting of perfluorinated epoxides, fluorinated alkenes, fluorinated acrylates, perfluor< 

s inated vinyl ethers, and fluorinated alkyi acrylonitrile. 

6. The composition of claim 2 characterized in that monomer a) comprises an acryloyi or methacryloyi monomer, 
said macromer b) has a number average molecular weight between 1 0,000 and 250,000 gramsAnole and a fluorine 
content of from 40 to 95 % by weight and said macromer b) comprises a polymer formed from monomers selected 

10 from the group consisting of perfluorinated epoxides, fluorinated alkenes, fluorinated acrylates, perfluorinated vinyl 

ethers, and fluorinated alkyI acrylonitrile. 

7. The composition of claim 1 characterized in that said polymeric resin comprises a copolymer of 75 to 98 % by 
weight of a highly fluorinated free-radical polymerizable monomer, and of 2 to 25 % by weight of free-radically 

IS polymerizable non-fluorinated monomers, wherein at least 0.5 % by weight of the free-radically polymerizable non- 

fluorinated monomers have a group for binding a polyvalent metal ion. 

8. The composition of claim 1 characterized in that said polymeric resin is a copolymer of 74.5 to 97.5 weight percent 
of a highly fluorinated free-radically polymerizable monomer, and of 2 to 25 weight percent of free-radically polym- 

20 erizable non-fluorinated monomers, wherein at least 0.5 weight percent of the free-radically polymerizable non- 

fluorinated monomers have a group for binding a polyvalent metal ion. 

9. A process of forming an image comprising the steps of : 

25 a) providing a dielectric medium having at least one region of electrostatic charge, 

b) intimately contacting the dielectric medium with a liquid toner composition according to any of claims 1 to 
8. and 

c) depositing said liquid toner composition in a pattern corresponding to the surface charge on the dielectric 

medium. 

30 

1 0. The process of claim 9, further comprising after step c), the step of transferring the deposited polymer resin-bound 
pigment particles to a receptor. 

35 Patentanspruche 

1. Flussige Tonerzusammensetzung, die eine organische fluorierte Tragerflussigkeit, ein polymeres Harz und ein 
Pigment in inniger Verbindung mitdem polymeren Harz umfa3t, wodurch polymerharzgebundene Pigmentteilchen 
entstehen, dadurch gekennzeichnet, daf3 das polymere Harz ein Polymer Oder Copolymer von einem Oder meh- 
reren radikalisch polymerlsierbaren Monomeren mit hohem Fluorierungsgrad umfaBt und die Tragerflussigkeit ein 
Losungsmittel mit hohem Fluorierungsgrad ist, das mehr als 60 Qew.-% Fluor enthalt und einen Siedepunkt von 
Ober etwa 90*C und unter etwa 140°C hat. 

Flussige Tonerzusammensetzung gemaB Anspruch 1 , dadurch gekennzeichnet, daB das polymere Harz ein Co- 
polymer von 

a) 65 bis 89,5 Gew.-% eines unfluorierten radikalisch polymerlsierbaren Monomers; 

b) 10 bis 20 Gew.-% eines Makromers mit hohem Fluorierungsgrad, das nur eine terminale radikalisch poly- 
merisierbare Gruppe aufweist; und 

c) 0,5 bis 15 Gew.-% eines radikalisch polymerlsierbaren Monomers, das eine Gruppe zum Binden eines 
mehrwertigen Metallions aufweist; 

umfaBt. 

Zusammensetzung gemaB Anspruch 2, dadurch gekennzek;hnet, daB Monomer a) ein Acryloyi- oder Methacryloyl- 
Monomer umfaBt. 



2. 

45 
SO 
55 

3. 
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4. Zusammensetzung gemaB Anspruch 2 Oder 3. dadurch gekennzeichnet, da3 Makromer b) ein Zahlenmittel des 
Molekulargewichts zwischen 10 000 und 250 000 g/mol und einen Fluorgehalt von 40 bis 95 Gew.-% hat. 

5. Zusammensetzung gemaB Anspruch 2 oder 3. dadurch gekennzeichnet, daB Makromer b) ein Polymer umtaBt, 
das aus Monomeren gebildet ist, die aus der Gruppe ausgewahit sind, die aus perfluorierten Epoxiden, fiuorlerten 
Alkenen, fluorierten Acrylaten, perfluorierten Vinylethern und fluoriertem Alkylacrylnitril besteht. 

6. Zusammensetzung gemaB Anspruch 2, dadurch gekennzeichnet. daB Monomer a) ein AcryloyI- oder Methacryloyl- 
Monomer umfaBt. Makromer b) ein Zahlenmittel des Molekulargewichts zwischen 10 000 und 250 000 g/mol und 
einen Fluorgehalt von 40 bis 95 Gew.-% hat und Makromer b) ein Polymer umfaBt. das aus Monomeren gebildet 
ist, die aus der Gruppe ausgewahit sind, die aus perfluorierten Epoxiden, fluorierten Alkenen, fluorierten Acrylaten, 
perfluorierten Vinylethern und fluoriertem Alkylacrylnitril besteht. 

7. Zusammensetzung gemaB Anspruch 1 . dadurch gekennzeichnet, daB das polymere Harz ein Copolymer von 75 
bis 98 Gew.-% eines radikalisch polymerisierbaren Monomers mit hohem Fluorierungsgrad und 2 bis 25 Gew.-% 
eines radikalisch polymerisierbaren unfluorierten Monomers umfaBt, wobel wenigstens 0,5 Gew-% der radikalisch 
polymerisierbaren unfluorierten Monomere eine Gruppe zum Binden eines mehnwertigen Metallions aufweisen. 

8. Zusammensetzung gemafl Anspruch 1 . dadurch gekennzeichnet, daB das polymere Harz ein Copolymer von 74,5 
bis 97,5 Gew.-% eines radikalisch polymerisierbaren Monomers mit hohem Fluorieoingsgrad und 2 bis 25 Gew- 
% eines radikalisch polymerisierbaren unfluorierten Monomers umfaBt, wobei wenigstens 0.5 Gew.-% der radika- 
lisch polymerisierbaren unfluorierten Monomere eine Gruppe zum Binden eines mehrwertigen Metallions aufwei- 
sen. 

9. Verfahren zur Erzeugung eines Bildes, umfassend die Schritte: 

a) Bereitstellen eines dielektrischen Mediums, das wenigstens einen Bereich elektrostatischer Ladung auf- 
weist; 

b) Bringen des dielektrischen Mediums in innigen Kontakt mit einerflussigen Tonerzusammensetzung gemaB 
einem der Anspruche 1 bis 8; und 

c) Abscheiden der fiOssigen Tonerzusammensetzung in einem Muster, das der Oberflachenladung auf dem 
dielektrischen Medium entspricht. 

10. Verfahren gemaB Anspruch 9, das nach Schritt c) weiterhin den Schritt des Ubertragens der abgeschiedenen 
polymerharzgebundenen Pigmentteilchen auf einen Rezeptor umfaBt. 

Revendications 

1. Composition de toner liquide comprenant un liquide porteur organique fluore, une resine polymere et un pigment 
en association intime avec ladite r6sine polymere, pour former ainsi des particules de pigments liees a la resine 
polymfere, caracteris6e en ce que ladite r6sine polymere comprend un polymere ou copolymere d'un ou plusieurs 
monom^res polymerisables par voie radicalaire, hautement fluor6s. et ledit liquide porteur est un sotvant hautement 
fluore ayant plus de 60 % en poids de fluor et un point d'6bullition sup6rieur k environ et inferieur a environ 
140*C. 

2. Composition de toner liquide selon la revendication 1, caract6ris6e en ce que ladite resine polymere comprend 
un copolymdre de : 

a) 65 k 89,5 % en poids d'un monomere polymerisable par voie radicalaire non fluore ; 

b) 10 ^ 20 % en poids d'un macromere hautement fluore ayant seulement un groupe de terminaison polyme- 
risable par voie radicalaire, et 

c) 0,5 ^ 15 % en poids d'un monomere polymerisable par voie radicalaire ayant un groupe pour la fixation 
d'un ion de mStal polyvalent. 

3. Composition selon la revendication 2, caract6ris6e en ce que le monom&re a) comprend un monom6re d'acryloyle 
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ou de m6thacryloyle. 

Composition selon la revendication 2 ou 3, caract6risee en ce que le macrom^re b) possdde une masse mol6culaire 
moyenne en nombre comprise entre 10.000 et 250.000 grammes/mole et une teneur en fluor allant de 40 d 95 % 

en poids. 

Composition selon la revendication 2 ou 3, caracteris6e en ce que ledit macrom^re b) comprend un polymere 
form^ k partir de monomeres choisis dans le groupe constltu^ par les ^poxydes perfluor^s, les alc^nes fluor^s, 
les acrylates fluor^s, les others vinyliques perfluores, et les acrylonitriles d'alkyles fluor^s. 



6. Composition selon ta revendication 2, caractdris^e en ce que le monom&re a) comprend un monomdre d'acryloyle 
ou de mdthacryloyle, ledit macrom^re b) poss^de une masse mol^cutalre moyenne en nombre comprise entre 
10.000 et 250.000 grammes/mole et une teneur en fluor allant de 40 ^ 95 % en polds et ledit macromdre b) 
comprend un polymere form6 ci partir de monomeres clioisis dans !e groupeconstitu6par les 6poxydes perfluor6s, 

IS les alc^nes fluoc6s. les acrylates fluor^s. les fillers vinyliques perfluores et les acrylonitriles d'alkyles fluor^s. 

7. Composition selon la revendication 1 , caract6ris6e en ce que ladite resine polymere comprend un copolymfere de 
75 a 98 % en polds d'un monomere polymerisabie par voie radicalaire hautement fluore et de 2 ^ 25 % en poids 
de monomeres non fluores polym6risables par vole radicalaire, ou au moins 0,5 % en poids des monomeres non 

20 fluor6s polym6rlsables par voie radicalaire ont un groupe pour la fixation d'un ion de m6tal polyvalent. 

8. Composition selon ta revendication 1 , caractSris^e en ce que ladite resine polymere est un copolym^re de 74,5 
k 97,5 % en poids d'un monomere potymdrisable par voie radicalaire hautement fluore, et de 2 ci 25 % en poids 
de monomeres non fluores polymdrisables par vole radicalaire, ou au moins 0,5 % en poids des monomeres non 

25 fluor6s polymerlsables par voie radicalaire ont un groupe pour la fixation d'un ion m^tallique polyvalent. 

9. Procede pour la formation d'une image comprenant les 6tapes qui consistent a : 

a) fournir un milieu dielectrlque ayant au moins une region de charge electrostatique, 
30 b) mettre le milieu dielectrlque en contact intime avec une composition de toner liquide selon Tune quelconque 

des revendlcations 1 ^ 8, et 

c) deposer ladite composition de toner liquide selon un motif correspondant a la charge superficielle sur le 
milieu dielectrlque. 

3S 10. Ptoc666 selon la revendication 9, qui comprend encore apr^s I'Stape c), I'dtape de transfert des particules de 
pigments liees a la resine polymdre ddpos6es vers un rScepteur. 
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